INTRODUCTION
Previously, open surgery was the only option available for the management of renal stones; currently, there are different minimally invasive modalities such as percutaneous nephrolithotomy (PCNL) and retrograde intrarenal surgery (RIRS). [1, 2] The European Association of Urology 2015 guidelines, clearly states that renal stones for 1-2 cm in diameter can be managed with shock wave lithotripsy (SWL) or endourological interventions. [3] SWL, RIRS and minimally invasive percutaneous nephrolithotomy (MIP) are highly effective treatment options for stones up to 2 cm. [4] SWL is a minimally invasive technique, and it is usually the first choice method due to good patient tolerance and low complication rate. [5] However, it is associated with lower success rate and higher retreatment rate. At the same time, with the advances in endourological instrumentation and technology, RIRS and MIP have increasingly being used as the treatment option for stones. [6, 7] In this study, we classified renal stones as small stones if the size is <2 cm, intermediate if 2-4 cm and large if >4 cm. Laparoscopic renal surgery has become focused since the initial report of laparoscopic nephrectomy by Clayman et al., [8] and the concept of stone removal by laparoscopy in selected cases has become more accepted, especially for intermediate-sized stones. [9, 10] 
METHODS
During the period of July 2012 to Jan 2014, patients with intermediate sized solitary renal pelvic stones were selected and randomly allocated in to two groups. Group 1 included 10 patients who were treated by laparoscopic pyelolithotomy and group 2 included 10 patients who were treated by PCNL. Written informed consents were taken from the patients and approved by our Human Ethics Committee (YUEC78/31/7/2012).
All patients were assessed using computed tomography urogram and subjects with positive urine cultures were made sterile by appropriate antibiotics before the procedure.
Surgical technique
Laparoscopic pyelolithotomy was performed by the standard procedure described by Gaur et al., [11] and Al-Hunayan and associate. [12] After good exposure of the renal pelvis transperitoneally, pyelotomy was performed by diathermy hook and completed by laparoscopic Potts scissors. The stone was delivered intact in an endobag, the renal pelvis was irrigated with physiological saline, and laparoscopic suction was applied simultaneously to remove any fragments. Pyelotomy closure was performed by intracorporeal interrupted absorbable sutures after inserting 5 French double-J ureteral stent.
PCNL was performed by the standard prone technique. Posterior calyx was punctured with an 18 gauge needle and track dilated up to 30 French and the stone removed after breaking with pneumatic lithotripsy. In each group, patient's age, sex, stone size, operative time, estimated blood loss, postoperative analgesia, duration of hospital stay, and stone-free rate were analyzed and compared.
Statistical analysis
The statistical analysis was performed biostatistical software (SPSS version 22, IBM, Armonk, NY, USA). The values of P were estimated and considered to be statistically significant if <0.05.
RESULTS
There were no statistically significant differences between the laparoscopic pyelolithotomy and PCNL groups in patients and stone characteristics. Mean age of patients was 44.7 ± 20 years in the laparoscopic pyelolithotomy group versus 43.3 ± 22 years in the PCNL group. The mean stone size in the laparoscopic pyelolithotomy and PCNL groups was 2.95 ± 0.9 cm versus 3.08 ± 1 cm, respectively [ Figure 1a and b]. In the laparoscopic pyelolithotomy group, 70% were male and 30% were female; in the PCNL group, there were 60% of males and 40% of females [ Figure 2 ].
There was statistically significant difference in the mean operative time in PCNL group and laparoscopic pyelolithotomy group (45-75 min vs. 80-150 min, respectively) and estimated blood loss (180-250 mL vs. <50 mL, respectively). The time to oral intake was 1.5-2.5 days laparoscopic pyleolithotomy and 1-2 days in PCNL. Mean time of postoperative hospital stay was 3-5 days laparoscopic and 4-6 days in PCNL and the mean time of postoperative analgesia was 2.2 ± 0.9 days laparoscopic and 2 ± 0.9 days, PCNL. There was statistically significant difference regarding the stone-free rate evaluated at the end of 1 month, it was 100% in the laparoscopic pyelolithotomy group and 95% in the PCNL group [ Table 1 ].
DISCUSSION
In the early 1990s, Retroperitoneoscopic pyelolithotomy was introduced for the management of renal calculi but did not gain much popularity among urologists because of the long learning curve of the procedure and the well- established PCNL technique 13. PCNL is considered as the key treatment modality in the management of renal stones that are more than 2 cm. Successful laparoscopic management of renal stones have been described; however, the indications have not been yet defined and outcomes have not been compared with the established techniques, such as PCNL. [1] In the current study, laparoscopic pyelolithotomy was evaluated as a surgical monotherapy for the management of intermediate-sized renal pelvic stone (2-4 cm) and compared with PCNL which is considered the preferred surgical management.
In our study, the preoperative data of both groups were homogenous with no statistically significant difference regarding the age, sex, and stone size. The mean operative time of the PCNL group was statistically significantly shorter than that of laparoscopic pyelolithotomy which is similar to the study by Meria et al. [14] The longer time of laparoscopic pyelolithotomy in our study was usually related to the long learning curve of laparoscopic pyelolithotomy as well as the time needed for intracorporeal suturing and delivery of the stone into the endobag. The mean operative time of laparoscopic pyelolithotomy in our study, however, was acceptable and average in relation to many studies. [15] There was statistically significant difference between the two groups in items of estimated blood loss, postoperative hospital stay, and postoperative analgesia. Which is contradictory to the findings of Goel and Hamel, [13] Meria et al., [14] and Tepeler et al. [16] After one month of surgery the study groups were analyzed for the stone-free rate. We observed that stone free rate was higher in the laparoscopic pyelolithotomy group in comparison with the PCNL group (100% vs 95%, respectively). In the study by Meria et al., [14] they reported a significant difference in the stone-free rate between laparoscopic transperitoneal pyelolithotomy (88%) and PCNL (82%). The high stone-free rate achieved in the current study was due to proper selection of cases, the intact removal of the stone in contrast to PCNL in which disintegration of the stone by the pneumatic lithotripsy may leave some residuals. [17] Although laparoscopic pyelolithotomy appears to be more invasive because three and sometimes four trocar punctures are needed compared with PCNL in which only a single hole is made, in PCNL there is transgression of the renal parenchyma with its potential for various complications, such as nephron damage and bleeding. [18] Although there is a controversy on laparoscopic pyelolithotomy for management of intermediate sized stone, it has still a role in the management of stones in patients with ureteropelvic junction obstruction, stones in congenitally abnormal kidneys, pelvic stones in solitary kidneys were there is no transgression of renal parenchyma.
CONCLUSION
Laparoscopic pyelolithotomy is considered as a safe procedure for selected cases with intermediate sized renal pelvic stone. This approach gives better results in terms stone clearance, less of intra operative blood loss, and on most occasions it nephron sparing procedure, namely, pyelolithotomy compared with PCNL where there is a transgression of the renal parenchyma with its associated complications.
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